This paper examines a productivity-based explanation of the long run real exchange rate movements of six Asian economies. Using industry level data, we construct total factor productivities (TFPs) for the tradable and nontradable sectors. We …nd that (a) within each country the relative price of nontradable goods is cointegrated with the sectoral TFP di¤erential, and (b) the real exchange rates are cointegrated with the home and foreign sectoral TFP di¤erentials. Using the predicted real exchange rate as a measure of the "long-run equilibrium", we …nd that most Asian economies' real exchange rates are overvalued before the Asian Financial Crisis.
Introduction
Of the several competing explanations for the persistent deviations of nominal exchange rates from their Purchasing Power Parities (PPPs), perhaps the earliest and most fundamental is the productivity di¤erential hypothesis proposed by Balassa (1964) and Samuelson (1964) . The Balassa-Samuelson hypothesis (henceforth B-S) asserts that di¤erent trends in tradable and nontradable sectors' productivity cause systematic departures of exchange rates from PPPs by changing the relative price of nontradable (to tradable) goods. 1 Since the B-S model relies on di¤erential productivity growth rates, we would expect it to be especially relevant for determining the real exchange rates of the relatively fast growing Asian economies. However, the relatively sparse literature on Asian real exchange rates o¤ers little support for the key predictions of the B-S model. Ito, Isard and Symansky (1999) document a positive correlation between growth rates (relative to the U. S.) and real exchange rate appreciation for a group of East Asian economies. However, they …nd that the relationship between the real exchange rate and the relative price of nontradables seldom conforms to the B-S model . Chinn (1996) …nds evidence of cointegration between relative prices of nontradables and real exchange rates for selected Asian economies with some exceptions. A later study by Chinn (2000) …nds evidence of a cointegrating relationship between real exchange rates and labor productivity di¤erentials for only three out of the nine Asian countries in his sample (Japan, Malaysia and the Philippines). Thomas and King (2008) 
extend
Chinn's sample to include other Asian economies, but …nd similarly mixed evidence for cointegration between real exchange rates and labor productivity di¤erentials despite including a host of other variables in their regressions.
To our understanding, studies in the extant literature have focused solely on labor productivity data since capital stock data for the Asian economies are generally not available. An important limitation of using labor productivity data is that one is unable to separate the impact of the supply-side e¤ects from demand-side e¤ects. 2 The B-S model is quintessentially about the impact of di¤erent trends in technological progress in the traded and nontraded goods sectors on the relative price of nontraded to traded goods and the real exchange rate. 3 Therefore, a priori, there is a greater likelihood of uncovering a link between real exchange rates and di¤erential technological trends, if one exists, by using a theoretically more appropriate measure of technological progress. 4 In this paper, we construct measures of sectoral total factor productivity (TFP) for six Asian economies (Hong Kong, Indonesia, Korea, Malaysia, Singapore, and Thailand) which are more consistent with the theory underlying the B-S model. We …rst construct estimates of the aggregate capital stock of each Asian economy using investment data. The gross capital stock is then allocated to the tradable and nontradable sectors in proportion to the share of capital income in that sector. The TFPs for the tradable and nontradable sectors of these economies are then computed as residuals from a Cobb-Douglas production function. The sectoral TFP data allows us to gauge the economic signi…cance of the Balassa-Samuelson e¤ect for the bilateral real exchange rates of these Asian countries against the U.S. dollar.
Given that most of the Asian countries in our sample had pegged their exchange 2 For example, Drine and Rault (2002) do not …nd any evidence of cointegration between real exchange rates and labor productivity di¤erentials for six Asian economies using Pedroni's (1999 Pedroni's ( , 2004 panel cointegration tests. They attribute this failure to the fact that relative prices of nontradables within each country are not cointegrated with the domestic sectoral labor productivity di¤erentials. Choudhri and Khan (2004) , who use a larger panel of sixteen developing economies and similar panel cointegration methods as Drine and Rault (2002) , uncover more favorable evidence for the B-S model. 3 The real exchange rate is de…ned as the ratio of the domestic price level to the foreign price level multiplied by the nominal exchange rate. With this de…nition, deviations of nominal exchange rates from PPP are synonymous with changes in the real exchange rate.
rates to the U.S. dollar, it is also of interest to examine the implications of the productivity based model for real exchange rate misalignment prior to the Asian …nancial crisis. One noteworthy feature of this approach to measuring real exchange rate misalignment is that, since the real exchange rate is cointegrated with the productivity di¤erentials, any deviation between the actual real exchange rate and its estimated equilibrium value is only temporary and will eventually vanish. This is a natural requirement for any measure of an "equilibrium" value but is not satis…ed by the oft-used PPP-based measures of misalignment. Alba and Papell (2007) test for the stationarity of the U.S. dollar real exchange rates using panel unit root methods and …nd that they reject long-run PPP for groups of Asian and African countries . Cheung and Lai (2000) analyze 77 series of real exchange rates and they also uncover di¤erent persistence patterns between industrial countries and developing countries. Hence, it is important to allow for permanent changes in the real exchange rates of these countries when assessing real exchange rate misalignment.
We …nd that, with the exception of Indonesia, the real exchange rates of the other …ve Asian economies in our sample were overvalued in the three years prior to the …nancial crisis. These results are consistent with common economic intuition which suggests that overvalued currencies are likely to invite speculative attacks. They also conform to the literature on currency crises which indicates that a persistently overvalued real exchange rate is one of the key predictors of an impending currency crisis.
The rest of the paper is organized as follows. The next section describes the model and presents the two key predictions of the B-S model that are tested in this paper.
Section 3 explains the data. Section 4 …rst presents the results of the HK-US case as a motivating example, followed by a discussion of the panel empirical results. Section 5 concludes.
Model

The Relative Price of Nontradables
Each country is divided into tradable and nontradable goods sectors: good T is tradable and good N is nontradable. The production side of the economy is summarized by the following Cobb-Douglas production functions:
Here Y denotes output; L and K denote labor and capital, respectively; A denotes TFP and denotes the share of labor in production. Subscripts i and t refer to country i and time t, respectively.
Under the standard assumptions of the B-S model 5 , we have the following set of …rst-order conditions: Given k T , the left-hand-side equation of (4) determines the real wage rate. Given the interest rate and the wage rate, the right-hand-side equations in (3) and (4) jointly determine the relative price of nontraded-goods (Q) and the capital-labor ratio in the nontradable goods sector (k N ).
Solving for the relative price of nontradables in terms of the sectoral TFPs and the world real interest rate and taking logs yields: It is important to emphasize here that although we have used this stylized model for exposition, the B-S e¤ect is quite robust to the underlying assumptions used here.
For instance, Obstfeld and Rogo¤ (1996) show that the assumptions of two factors and internationally mobile capital can both be relaxed without changing the basic relationship between the relative price of nontradables and sectoral TFP di¤erentials.
We are not concerned here with any speci…c version of the model but with its main predictions which are robust to the underlying assumptions.
As shown in Section 4.2, the relative price of nontradables and sectoral TFP dif-ferentials are both nonstationary variables. Since most economic models imply the world real interest rate to be stationary, we can interpret Equation (5) test whether this implication of the model is supported empirically:
Here ' it is a zero-mean stationary random variable that captures any short run deviation of the relative price of nontradables from its long run equilibrium value.
The predicted value of the coe¢cient of the sectoral TFP di¤erential, , is 1. Since ln(r t ) is not directly observable, we treat it as a common factor. Then eqt.(6) can be written as
where ' it = & i F t + ' it with F t denotes the common factor. The presence of this common factor invalidates the conventional panel cointegration tests, such as Kao (1999) and Pedroni (1999) , by inducing cross-sectional dependence in the error term.
Since the asymptotic critical values are no longer valid, we apply a bootstrap methodology to the conventional panel cointegration tests to obtain the appropriate critical values. 6 We turn next to the relationship between the relative price of nontradables, sectoral productivity di¤erentials and the real exchange rate.
The Real Exchange Rate
Consider a world economy with two countries. We assume that the price level of each country, P it ; can be approximated by a geometric average of the prices of nontradable and tradable goods up to a stationary measurement error:
Here i is the share of nontradables in the overall price level of country i and c i is a stationary measurement error that re ‡ects factors which cause the general price level to deviate from the geometric average of the price of nontradable and tradable goods.
Let E it denote the nominal exchange rate between country i (the home country) and the U.S. (the foreign country) -E it units of the home country's currency buy one U.S. dollar at time t. The real exchange rate between country i and the U.S., E r it , is the ratio of the home price level to the U.S. price level adjusted by the nominal exchange rate:
The key to developing a link between the real exchange rate and the relative price of nontradables is the law of one price for tradable goods. In the presence of transportation costs and other frictions, goods market arbitrage is not likely to be instantaneous. We therefore assume that the law of one price holds for tradable goods in the long run, so that the real exchange rate for tradable goods, (P T;it =(E it P T;U St )); is stationary.
Mathematically, we can write this assumption as
where u is a stationary random variable. The stationarity of u ensures that deviations from PPP for tradable goods are transitory. Equations (8)-(10) imply that
Equation (11) shows that the real exchange rate depends on the relative price of nontradables in the home and foreign countries. To highlight the connection between real exchange rates and TFP di¤erentials, we combine equations (7) and (11) to get
is the composite TFP di¤erential between the home and foreign countries 7 , and 2;i = ( i & i U S & U S ) represents the coe¢cient associated with the unobservable common factor. Equation (12) is the crux of the Balassa-Samuelson model as it implies that the real exchange rate is determined solely by the relative sectoral TFP di¤erentials in the home and foreign countries in the long run. An increase in the home sectoral TFP di¤erential, which means faster TFP growth in the tradable sector relative to the nontradable sector, is associated with a higher relative price of nontradables via equation (7) and an appreciating real exchange rate via equation (12). The predicted magnitude of the coe¢cient of the composite TFP di¤erential is 1.
Equations (7) and (12) are the key testable predictions of the B-S model and form the basis of the empirical work. Since the derivation of equation (12) from equation (7) requires the additional assumption of long run PPP for tradable goods, the evidence for this assumption is also tested.
Data
We collected industry level data on the output, the number of work hours, and labor income for six Asian economies -Hong Kong, Singapore, S. Korea, Thailand, Indonesia and Malaysia -from 1980 to 2001. The primary databases for the Asian countries were the CEIC database and the Statistical Yearbook published by UNESCO. These were supplemented by data published by various national statistical agencies. Since capital stock data were not available for the Asian economies, they were estimated from investment data using a perpetual inventory approach, similar to that used in Kim and Lau (1995) , Chow (1993) and Feenstra and Kee (2004) . The gross capital stock was then allocated to the tradable and nontradable sectors in proportion to the share of capital income in the sector. For the U.S., we utilized the STAN industrial database to construct the data on tradable and nontradable output, capital stock and labor hours. The following industries were classi…ed as tradable: manufacturing; mining and quarrying; ocean and air transport; wholesale and retail trade; and …nancing, insurance and business services. The following industries were classi…ed as nontradable: electricity, gas and water; construction; real estate; community, social and personal services; land transport and communication; and restaurants. 8 Sectoral TFPs were constructed as Solow residuals (Solow 1957 ) from constant-price domestic 8 Our classi…cation is very similar to that used for OECD countries by De Grogorio, Giovannini, and Wolf (1994) and Stockman and Tesar (1995) . The only major di¤erence is that we classify …nancial services as tradable, whereas they classify them as nontradable. Our choice was motivated by the observation that …nancial services are an important component of trade for Hong Kong and Singapore. We also conducted a sensitivity analysis in which …nancial services were allocated to the nontradable sector. This yielded qualitatively similar results which are available upon request from the authors. currency series of output, capital, labor shares and hours worked. 9 4 Empirical Results
A Univariate Example
Since we have a longer time dimension than cross-sectional dimension (N=6 and T=20), we mainly rely on time series asymptotics in our analysis. For this reason, it is instructive to build some insight by viewing the results for a single pair of countries (the HK-US case) using single-equation cointegrating regressions prior to delving into the panel empirical results. In particular, we use a sieve bootstrap (for both unit root and cointegration) to compare the asymptotic and bootstrap p-values for this single economy case. 10 Table 1 reports the results of the unit root tests, including the average ADF test proposed by Im, Pesaran, and Shin (IPS) (1995) (denoted as IPS 95 ), the ADF-t and LM-bar tests suggested in Im, Pesaran, and Shin (1997) (IPS 97 and IPS LM ) as well as Breitung (2000)'s test. All tests allow for heterogeneous unit root coe¢cients and serial correlation in the error terms. IPS (2003) shows that the small sample performance of the IPS tests are generally better than that of the Levin and Lin (LL) (1993) test if a large enough lag order is selected for the underlying ADF regressions.
Breitung (2000)'s test improves on the LL and IPS tests as the latter two test statistics contain bias correction terms which may result in losses of power. Overall, we cannot reject the null hypothesis of unit root for any of the series when the bootstrap p-values are used. This contrasts to the asymptotic p-values, especially for the tradable price series ln P U S T E and ln (P T ), which are biased towards the rejection of the null.
To test for cointegration in panel data with cross-sectional dependence, we bootstrap Kao (1999) 's ADF test statistic (ADF ), the bias-corrected Dickey-Fuller rho and t test statistics (DF and DF t ), as well as Pedroni's (1999 and 's parametric Panel t-statistic and parametric Group t-statistic (P anel tp and Gr tp ). All test statistics are for testing the null hypothesis of no cointegration. Kao's tests are based on a model which assumes homogeneous autoregressive coe¢cients for the residuals.
Kao's bias-corrected DF and DF t tests have better size and power properties than the ADF test when the long run variance is small, but the ADF test dominates the others when the variance is large. Pedroni's tests allow for considerable heterogeneity among individual members of the panel, including heterogeneity in both the longrun cointegrating vectors as well as heterogeneity in the dynamics associated with short-run deviations from these cointegrating vectors. Pedroni's panel t-statistic is constructed by pooling the data along the within dimension of the panel, while the group t-statistic is by pooling along the between dimension 11 . The parametric version of the statistics are employed as they have better performance for small samples. Table 2 presents the results of the cointegration estimation and tests. Table 2a contains the results for testing the predicted relationship between the relative price of nontradables and the (labor-share adjusted) sectoral TFP di¤erential. We reject the null hypothesis of no stochastic cointegration at conventional signi…cance levels based on both the bootstrap and asymptotic versions of the Kao and Pedroni tests. The estimated coe¢cient is 0.9016 which is strikingly close to the predicted the value of unity. This is evidence that the relationship between the relative price of nontradables and sectoral TFP di¤erential for HK conforms to that implied by the B-S model. 
Trend Properties of Data
Relative Price of Nontradables
We turn next to the evidence for the …rst key prediction of the model, which relates to the relationship between the relative price of nontradables within each country and the sectoral (labor-share adjusted) TFP di¤erential. Panel A of Table 4 Figure 1 plots the relative price of nontradables and the (labor-share-adjusted) 12 We test the homogeneity restriction using the Wald-test proposed by Mark, Ogaki and Sul (2005) . The homogeneity restriction is rejected. However, the Monte Carlo performance of these Wald tests documented by Mark, Ogaki and Sul (2005) indicates substantial size distortion in small samples. For example, with N = 5 and with T = 100, the e¤ective (5%) size of the test is 0.23. Since T is much smaller than 100 for our dataset, the size distortion is likely to be even more severe and hence these results are not reported here.
sectoral TFP di¤erential within each country. For HK and Indonesia, the two series move together very closely and virtually all of the medium to long-term changes in the relative price of nontradables are matched by similar changes in the sectoral TFP di¤erentials. However, for Singapore and Malaysia comovements between relative prices and TFP di¤erentials appear to be smaller. Overall, the visual evidence of Figure 1 appears to be consistent with the cointegration results documented above.
To summarize, the results of Table 4 provide reasonably strong con…rmation of the …rst key prediction of the B-S model that the stochastic trend in sectoral TFP di¤erentials can rationalize the stochastic trend in the relative price of nontradables.
The null hypothesis of no cointegration between the relative price of nontradables and sectoral TFP di¤erentials can be rejected based on most cointegration tests when the homogeneity assumption is maintained and by four out of six statistics when heterogeneity is allowed for. Moreover, the unit value of the coe¢cient of the sectoral TFP di¤erential also appears to be plausible under the homogeneity restriction. However, Singapore has a negative coe¢cient which contradicts the prediction of the PPP relationship.
PPP for Tradables
Overall, the statistical evidence for PPP for tradable goods is quite supportive when the homogeneity restriction implied by the model is imposed but generally weaker under heterogeneity. However, it should be noted that aggregating micro data using CPI weights may increase the persistence of the median traded good. It is thus possible that using disaggregated data can provide more favorable evidence for PPP for tradable goods than is provided by our aggregated data. 13 13 Crucini and Shintani (2008) document that the median traded good in the U.S. has a half-life of 17 months, which is signi…cantly lower than the median nontraded good's half-life of 30 months. However, aggregating their micro data using CPI weights increases the persistence of the median traded good in the U.S. to 25 months and the median nontraded good to 50 months. This suggests that using disaggregated data may give more favorable evidence for PPP for tradable goods than using aggregated data.
Real Exchange Rates
Moreover, almost all cointegration tests reject the null hypothesis of no cointegration at the 1 percent signi…cance level, except for Kao's DF .
For the heterogeneous cointegration vector case, there is considerable disparity across countries on the estimated coe¢cients of the composite productivity di¤erential. The coe¢cient of HK (1.0978) is close to the predicted unit value but less so for other countries. Moreover, the results of the cointegration tests are rather mixed. 
Real Exchange Rate Misalignment
As mentioned in the introduction, a natural by-product of the productivity-based model is that it provides one with an estimate of the "long-run equilibrium real exchange rate" of the Asian real exchange rates against the U.S. dollar. Figure   2 Table 7 shows the estimated average overvaluation during the three year period prior to the crisis (1994 through 1996) and also at the end of 1996. At the eve of the crisis in 1996 all countries except Indonesia show overvalued real exchange rates, with Hong Kong being the least overvalued at 3.54% and Singapore the most overvalued at almost 26%. Korea and Malaysia also appear to be signi…cantly overvalued, with the extent of overvaluation ranging between 14% to 16%. Figure 2 also shows that for all the countries except Indonesia, the real exchange rate overvaluation reached a peak near 1995 and then the downward adjustment towards equilibrium commenced.
However, by 1996 panic had set in the region and the speculators were likely expecting large further declines. They therefore behaved in a way that resulted in the declines they were expecting. Hence the real and nominal exchange rates depreciated signi…cantly more than the required adjustment indicated by the productivity based 
Conclusions
This paper examined the evidence for a productivity-based explanation of the long run real exchange rate movements for six Asian economies in the context of the Balassa-Samuelson model. Relative to earlier studies, which are at best only weakly supportive of the Balassa-Samuelson e¤ect, we …nd that sectoral TFP di¤erentials play an important role in explaining the long term trends in both the relative price of nontradables and the real exchange rates of these Asian countries.
These results are consistent with the view espoused in recent research that real exchange rates possess both permanent and temporary components. For instance, Mark and Choi (1997) show that models in which the long-run real exchange rate is identi-…ed as the permanent component of the real exchange rate outperform models which assume long-run PPP holds in terms of out-of-sample forecasts. Engel (2000) …nds that the real exchange rate contains an economically signi…cant component associated with the relative price of nontraded goods. In conjunction with recent work that emphasizes the importance of nontradable goods in explaining long-run real exchange rate movements (e.g. Burstein, Eichenbaum and Rebelo 2005a , Burstein, Eichenbaum and Rebelo 2005b , Betts and Kehoe 2006 , Crucini and Shintani 2008 , Kakkar and Ogaki 1999 , and Park and Ogaki 2007 , these results suggest that productivity di¤erentials may be an important factor in explaining the persistent departures of nominal exchange rates of these Asian countries from their purchasing power parities. Im, Pesaran and Shin (1995, 1997) and Breitung (2000) Im, Pesaran and Shin (1995, 1997) Notes: a P-values are in parentheses. *, ** and *** denote signi…cance at the 10%, 5% and 1% level respectively. b ln Q stands for the log relative nontradable price. d refers to the labor-share-adjusted sectoral TFP di¤erential. ln P U S T E refers to the log of the US tradable price times the nominal exchange rate. ln (P T ) refers to the home tradable price. ln (E r ) denotes the log real exchange rate, and d C denotes the composite TFP di¤erential between the home and foreign countries. c An Asian-crisis dummy is included to allow for a possible break in the nominal and real exchange Rate. The dummy equals 1 from 1997 onwards. d IPS 95 refers to the average ADF test proposed by Im, Pesaran, and Shin (1995) . IPS considers the case that error terms are serially correlated. IPS 97 and IPS LM are the ADF t and LM-bar tests suggested in Im, Pesaran, and Shin (1997) , respectively. The IPS LM statistics reported here are those that allow for serial correlation. All IPS tests allow for heterogeneous unit root coe¢cients. The test statistics with superscript "trend" are performed on detrended data. Breitung (2000) found the losses of power due to the bias correction terms in Levin and Lin (1993) and detrending bias in Im, Pesaran, and Shin (1997 Kao's (1999) and Pedroni's (1999) Kao (1999) respectively. b P anel tp and Gr tp denote Pedroni's (1999 and parametric panel t-statistic and parametric group t-statistic, respectively. The number of lags for each cross section is calculated according to the Akaike Information Criterion or Bayesian Information Criterion (AIC/BIC). The length of kernel window is calculated a la Andrews or Newey-West. For the P anel tp test, we use the estimate of the long-run variance. c P-values are in parentheses. *, ** and *** denote signi…cance at the 10%, 5% and 1% level respectively. d Since the OLS standard errors are not valid for conducting inference, we do not report them here. e An Asian-crisis dummy D 97 is included to allow for a possible break in the nominal exchange rate. The dummy equals 1 from 1997 onwards. Im, Pesaran and Shin (1995, 1997) and Breitung (2000) Im, Pesaran and Shin (1995, 1997) ln (P T ) refers to the home tradable price. ln (E r ) denotes the log real exchange rate, and d C denotes the composite TFP di¤erential between the home and foreign countries. c An Asian-crisis dummy is included to allow for a possible break in the nominal and real exchange rate. The dummy equals 1 from 1997 onwards. d IPS 95 refers to the average ADF test proposed by Im, Pesaran, and Shin (1995) . IPS allows for a heterogeneous coe¢cient of y i;t 1 and considers the case that error terms are serially correlated with di¤erent serial correlation coe¢cients across cross-sectional units. IPS 97 and IPS LM are the ADF t and LM-bar tests suggested in Im, Pesaran, and Shin (1997) , respectively. The IPS LM statistics reported here are those that allow for serial correlation. All IPS tests allow for heterogeneous unit root coe¢cients. The test statistics with superscript "trend" are performed on detrended data. Breitung (2000) found the losses of power due to the bias correction terms in Levin and Lin (1993) and detrending bias in Im, Pesaran, and Shin (1997 Kao's (1999) and Pedroni's (1999) d Since the OLS standard errors are not valid for conducting inference, we do not report them here. e The cointegrating vectors are estimated using OLS with country-speci…c …xed e¤ects. f "HK", "SIN", "KOR", "THA", "IND" and "MAL" refer to Hong Kong, Singapore, S. Korea, Thailand, Indonesia and Malaysia respectively. g An Asian-crisis dummy D 97 is included to allow for a possible break in the nominal exchange rate. The dummy equals 1 from 1997 onwards. a DF and DF t denote the bias-corrected Dickey-Fuller rho and t statistics of Kao (1999) respectively. b P anel tp and Gr tp denote Pedroni's (1999 and parametric panel t-statistic and parametric group t-statistic, respectively. c Bootstrap p-values are in parentheses. *, ** and *** denote signi…cance at the 10%, 5% and 1% level respectively. d Since the OLS standard errors are not valid for conducting inference, we do not report them here. e The cointegrating vectors are estimated using OLS with country-speci…c …xed e¤ects. f "HK", "SIN", "KOR", "THA", "IND" and "MAL" refer to Hong Kong, Singapore, S. Korea, Thailand, Indonesia and Malaysia respectively. g An Asian-crisis dummy D 97 is included to allow for a possible break in the nominal exchange rate. The dummy equals 1 from 1997 onwards. 
